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Abstract— As urbanization continues to increase, changes in the ecological characteristics 
of urban areas are becoming more reasonable to meet the needs of a growing population. 
However, the profound impact of human-induced urban pressures on land, often called the 
“billing impact”, is strongly emphasized in research publications. In many cases, 
contemporary anthropogenic processes alter the dynamics of environmental functions in 
complex ways. Urban regions meet a particular climate regime characterized by increased 
air temperatures compared to peripheral areas and a significant reduction in wind speed, 
attributable to the interaction of natural and anthropogenic factors. An urban heat island 
(UHI) occurs when the air above populated areas heats up additionally, causing air to flow 
from the site’s edges to its center and creating a heat dome. This study reveals the influence 
of urbanization on microclimatic changes, encompassing increased evapotranspiration, 
altered vegetation cover, and temperature fluctuations. The results illustrate environmental 
transformations caused by abrupt and unregulated urbanization in the mountainous area of 
Zlatibor, Serbia, a trend that has intensified over the past decade. 
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1. Introduction 

Urbanization presents activities to enhance underdeveloped urban regions or 
create new infrastructure in undeveloped areas. The primary objective of these 
activities is to provide enhanced quality of life for the population. These processes 
frequently lead to a shift in the operational dynamics of the settlements. 
Contemporary society and lifestyle demands drive the significant conversion of 
nature, especially vegetated areas (Grădinaru et al., 2020; Tosic and Obradovic, 
2003). The interaction between nature and society forms an organically linked 
system, with the ecological characteristics of the resulting urbiocoenoses 
primarily determined by the degree of artificial pressure exerted on nature in 
urbanized regions. Such characteristics distinguish them from the original 
biogeocoenoses. As the biosphere transforms into the biotechnosphere, it 
becomes crucial to study one of the most significant thermodynamic 
characteristics of the biosphere and its components (Vukoičić et al., 2023). The 
community’s social organization and the effective management of social 
processes influence urbanization’s pace, form, and characteristics. Urbanization 
is a process characterized by a substantial aggregation of activities within regions 
designated for priority development (Živanović et al., 2021). One of the vital 
material outcomes of modern urbanization is the creation of vast urban regions, a 
conglomeration of interconnected suburban villages, forming a complex dynamic 
system. 

Zlatibor Mountain is a popular tourist destination within the Dinaric Alps 
Mountain range in the western part of Serbia. Famous for its green forests, pristine 
rivers, and attractive landscapes, the mountain of Zlatibor serves as a sanctuary 
for those who appreciate the natural world and engage in outdoor pursuits. It 
provides a multitude of opportunities for activities including, but not limited to, 
hiking, skiing, cycling, and fishing (Pecelj et al., 2017). Furthermore, with its 
attractive natural features and traditional values combined with modern urban 
development trends, Zlatibor Mountain is an area that urbanizes remarkably 
quickly and is an exceptional subject for this study. 

The study and understanding of the surface urban heat island (SUHI) have 
far-reaching implications across various fields. In climatology, it helps us 
understand the impact of urbanization on local and global climate patterns (Zhou 
et al., 2015). In geography, it aids urban planning and the development of 
strategies to mitigate heat-related health risks (Tan et al., 2010). In tourism, SUHI 
influences tourist behavior and preferences, potentially impacting the local 
economy (Zhou et al., 2016). Researchers extensively study the SUHI 
phenomenon using remote sensing technology, which provides a comprehensive 
spatial and temporal understanding of UHIs (Zhou et al., 2016). For instance, 
satellite data enables the quantification of SUHI effects across various urban 
forms and climatic conditions (Zhou et al., 2014). The rise in global urbanization 
and its associated environmental and health challenges highlight the importance 
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of SUHI research. Therefore, it continues to be a crucial study area in urban 
climatology and related fields. 

Researchers can study the UHI-derived phenomena by analyzing the air 
temperature observed at urban and rural weather stations and using land surface 
temperature data obtained through remote sensing (Imhoff et al., 2010). However, 
studying the UHI phenomenon in regions with insufficient weather stations can 
be challenging. With its extensive area synchronization and spatial coverage 
advantages, remote sensing data has become an effective tool for studying the 
UHI phenomenon (Gallo et al., 1993; Gong et al., 2008; Weng et al., 2004). The 
first use of the infrared thermal band from satellite imagery to study the UHI effect 
occurred in 1972 (Rao, 1972). Since then, remote sensing data and algorithms 
have been utilized and improved to examine the UHI effects (Cao et al., 2016; Liu 
and Li, 2018; Stathopoulou and Cartalis, 2007; Tang et al., 2022). Analyses have 
been conducted on the scale of UHI phenomena and its spatiotemporal evolution 
features, considering its implications on diverse environmental factors. 
Additionally, researchers actively search for measures to mitigate its harmful 
effects (Chen et al., 2016; Imhoff et al., 2010; Priyadarsini et al., 2008; 
Stathopoulou and Cartalis, 2007; Streutker, 2003; Voogt and Oke, 2003).  

The formation of “heat islands” has several effects: a decrease in relative and 
absolute humidity, the emergence of a rising convection current, a decrease in 
wind speed, an increase in cloud cover and precipitation, an increase in the 
frequency of smog-like fog, and a decrease in solar radiation (Mohajerani et al., 
2017; Pecelj et al., 2021). In addition to measuring the temperature of a given 
area, estimates of evapotranspiration (ETa) derived through remote sensing and 
global weather datasets provide valuable information about the existence of UHI. 
Such information proves useful for various applications, including calculating a 
basin’s water budget, evaluating water consumption and crop yield, and 
monitoring drought conditions. The process of evapotranspiration is essential to 
understand the energy and water budgets of the planet, in addition to the carbon 
cycle. Acquiring a time series of spatially consistent, historical Landsat data for 
the entire world is a significant step forward in advancing scientific knowledge 
(Sugiarto et al., 2021). 

Heat domes, rarely exceeding 700 meters in height, intensify air pollution in 
cities and populated areas (Lješević and Mihajlović, 2020). Its distribution and 
strength depend on the size of the city, the area it occupies, the density of 
buildings, variations in air temperature and humidity, and differences in land use. 
The wind regime affects the extent and shape of the heat dome above the surface. 
At wind speeds between 10 and 15 m/s, a dome cannot exist (Mohajerani et al., 
2017). Therefore, a wind of this speed cleans the air during the day more 
effectively than 20 times the air exchange (Pecelj et al., 2010; 2017). However, 
even under these conditions, the dome can become a cloud of air pollution 
covering suburban areas (settlements, recreational areas, agricultural land, and 
others). 
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This study aims to delve into the impact of urbanization on the UHI and 
SUHI effects, with a particular emphasis on the Zlatibor Mountain region. 
Zlatibor Mountain, situated in the southwestern region of Serbia, extends from 
northwest to southeast, covering a vast area of approximately 1.015 km². It spans 
55 km in length and 22 km in width, encompassing significant portions of the 
widespread Starovlaška plateau. The mountain shares its borders with the Kremna 
Valley to the northwest, the Sušica and Mačkatska areas to the north, the 
Murtenica Mountain to the southeast, and the Uvac River to the south. 
Additionally, a foothill connecting to Tara also forms a part of Zlatibor. Located 
at a distance of 230 km from the Serbian capital of Belgrade (Fig. 1), Zlatibor 
Mountain is accessible via the Zlatibor magisterial road, which serves as a crucial 
route connecting Belgrade to the Adriatic Sea coast. 

Regarding tourism, Zlatibor is predominantly known for its central part – a 
spacious rolling plateau, about 30 km long and 12 km wide. Several peaks and 
tops, including Tornik, Čigota, Gradina, Čavlovac, Viogor, Crni Vrh, and the 
upper stream of the Sušica River, border this central area (Stojsavljević et al., 
2016). The research uses remote sensing data and other relevant datasets to 
analyze the changes in land surface temperature and evapotranspiration rates and 
their implications on the local climate and environment. The findings from this 
study enrich the growing body of knowledge on UHI, and provide valuable 
insights for urban planning and environmental management in the face of rapid 
urbanization. 

2. Materials and methods 

2.1. Study area  

The initial hypothesis of this article is that the urban heat islands have emerged 
after intensive and excessive construction in the tourist center of Zlatibor. This 
tourist center, located in the western part of Serbia, is near Užice (Fig. 1a) and 
Čajetina town (Fig. 1c). The study area includes the surrounding area of the newly 
built urban environment in the tourist center (according to the 2022 situation). The 
study area extends to 4,847,038.68 m N, 391,257.58 m E, and 4,838,842.59 m N, 
399,385.45 m E (Fig. 1b) and covers an area of 66.62 km2. The urban part of the 
study area covers an area of 9.48 km2 with a mean geographic center at 
4,842,793.46 m N and 395,452.68 m N. The UTM34N projection provides all 
coordinates. 
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Fig. 1. Zlatibor’s a) position within Serbia, b) the Area area of interest (AOI), c) urban part of 
AOI.. (Engebretson, 2020a; Prostak, 2023) 
 
 
 
 
 

The tourist center of Zlatibor has undergone substantial urbanization, 
particularly in developing tourism infrastructure, over the past three decades. The 
region witnesses growth in hotels, restaurants, cafes, and other amenities, 
enhancing its appeal as a tourist destination (Basarin et al., 2018). This area lacks 
regulated urbanization, with individual houses making up most of the permanent 
residential space. However, collective housing is available in the tourist center of 
Zlatibor and in the municipal headquarters. The main issue is the high prevalence 
of temporary residences such as weekend houses and holiday homes. The 2011 
census data reveals that the area contains 7,229 permanent and temporary 
dwellings, covering 637,182 m2. The municipality undergoes the construction of 
approximately 654 new apartments annually, spanning a total area of 33,714 m2. 
Owing to the high rate of residential construction, the number of built apartments 
per 1,000 inhabitants has experienced a steady increase since 2015 (Republički 
zavod za statistiku Srbije, 2023). This extensive and unregulated construction 
exerts significant pressure on the environment, while simultaneously, 
urbanization brings new job opportunities and stimulates economic growth in the 
region. Nevertheless, it has also upraised concerns about the impact of tourism on 
the environment, including waste management, water supply, and air temperature 
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increase. Despite these challenges, Zlatibor Mountain remains a popular tourist 
destination, combining natural beauty and modern amenities. The region 
continues to attract visitors from all over the world, seeking relaxation, outdoor 
activities, and a taste of Serbian culture. 

Zlatibor’s geological structure primarily consists of Zlatibor ultramafites, the 
Triassic sediments, and ophiolitic mélange in the eastern part of the area 
(Dimitrijević, 1996). Tertiary formations cover this area in some places, with a 
thin rim of Paleozoic bedrock. The Zlatibor Mountain area is part of the ophiolitic 
zone of the inner Dinaric Alps belt (Vakanjac et al., 2015). It is made up of 
Paleozoic phyllites, sandstones, and conglomerates, as well as Mesozoic rocks of 
the diabase-rose stone formation. Palaeozoic rocks comprise most of the 
geological structure, while Neogene sediments have been formed on land once 
inhabited by lakes. 

The climate is moderately continental in the low, northern part of the region, 
but becomes sub-mountainous as altitude ascends. The average summer air 
temperature is about 25 °C, while winter air temperatures can drop to -5 °C. The 
yearly precipitation typically ranges between 700 and 900 millimeters (Novković, 
2008). 

The land cover of the study area presents a mix of barren, developed, forest, 
and herbaceous regions, with a minimal proportion of water bodies based on 2022 
data (Table 1). The dominance of barren and developed lands may underscore 
prevailing environmental and anthropogenic factors influencing the landscape. 
Barren land is the most prominent class, covering most of the area. This category, 
often signifying a scarcity of vegetation, covers a substantial 52.16% of the total 
study area. The prominent presence of barren land suggests potentially harsh or 
unproductive environmental conditions. The second most widespread class is 
developed land, approximately 14.24% of the total study area. This classification 
typically refers to areas with a considerable human footprint, such as settlements, 
infrastructures, or extensively cultivated lands. The proportion of developed land 
might signal significant human activity or industrial influence. Forest and 
herbaceous classes encompass relatively similar areas. Forest land, indicative of 
areas dominated by trees and other woody plants, occupies 17.93% of the study 
area. However, herbaceous land, usually characterized by grasses, herbs, and 
other non-woody plants, accounts for 15.59% of the total study area. The presence 
of these classes suggests a balance of both woody and non-woody vegetated zones 
in the study area. Finally, the smallest class (water land), represents a minuscule 
0.08% of the total study area. This diminutive portion implies that surface water 
bodies like lakes, rivers, or reservoirs are likely scarce within the study area. 

Identifying and mapping UHI requires multiple inputs (Fig. 2). The process 
begins with analyzing meteorological data to verify the temperature change 
hypothesis and determine the critical point at which this phenomenon emerged. 
The next step involves scrutinizing satellite images and their related outputs 
(Fig. 2) for more precise information. 
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2.2. Meteorological data 

The air temperature data used to create a database for this research are collected 
from meteorological statistical yearbooks of the Hydrometeorological Service of 
the Republic of Serbia for the Zlatibor meteorological station and the given 
climatological period. The research encompassed a complete climatological cycle 
of at least a 30-year time series and followed the World Meteorological 
Organization (WMO) guidelines. 

From 1986 to 2022, air temperature (RHSS, 1987–2022) change is analyzed 
to determine the trend of mean August values and the threshold year, in which the 
mean monthly air temperature did not drop below 16 °C. 

August is chosen as the warmest month of the year in the meteorological 
station Zlatibor, located within the settlement of Zlatibor at an altitude of 1,029 
m.a.s.l. (RHSS, 1987–2022).  

 
 
 

 

Fig. 2. Flow chart of urban heat island detection used in this research. 
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2.3. Satellite imagery processing 

The creation of Landsat Level-2 science products involves using Collection 2 
Level-1 inputs that do not exceed the 76 degrees Solar Zenith Angle limitation 
and include the necessary auxiliary input data to provide a scientifically credible 
solution (Sayler et al., 2022; Sayler and Zanter, 2021). The Version 1.5.0 of the 
Land Surface Reflectance Code (LaSRC) algorithm generates the Landsat 8/9 
Operational Land Imager (OLI) surface reflectance products. (Engebretson, 
2020a). The Landsat 4–5 surface reflectance products are created using the 
Version 3.4.0 Landsat Ecosystem Disturbance Adaptive Processing System 
(LEDAPS) algorithm (Engebretson, 2020b). The Landsat 4-9 surface temperature 
products are produced using the Landsat surface temperature algorithm Version 
1.3.0, created in collaboration with NASA’s Jet Propulsion Laboratory and 
Rochester Institute of Technology (Cook, 2014). 

Land surface temperature (LST) products are measured in Kelvin (K) and 
generated with a 30-meter spatial resolution. Landsat Collection 2 Level-1 
thermal infrared bands, TOA Reflectance, TOA Brightness temperature, ASTER 
Global Emissivity Database (GED) data, ASTER NDVI, and atmospheric profiles 
of geopotential height, specific humidity, and air temperature obtained from 
ASTER data are used to produce Landsat Level-2 Surface Temperature products 
(Sayler et al., 2022). The final step is to calculate the LST in °C (Avdan and 
Jovanovska, 2016):  

 
LST = BT / {1 + [(λBT / ρ) ln (LSε)]}  ,  (1) 

 
where BT is at-sensor brightness temperature in °C, 𝜆 is the wavelength of emitted 
radiance (center wavelengths for Landsat TIR bands are: for Landsat 5 Band 6 
value is 11.45, and for Landsat 8 Bands 10 and 11 values are 10.895 and 12, 
respectively (Engebretson, 2020b; Sayler et al., 2022)), LSε is the emissivity, and  
ρ is the density of air. 

The amount of water vaporising from a surface due to evaporation and 
transpiration is called actual evapotranspiration (ETa), measured in millimetres 
(mm). ETa is derived from the Landsat Level-2 Surface Temperature products 
and uses a scene-based approach. The Landsat Surface Temperature is one of the 
variables provided in a surface energy balance model, along with other auxiliary 
data, to calculate the daily total of ETa, which is part of the product entitled 
Landsat Collection 2 Level-3 Provisional Actual Evapotranspiration Science 
(Sayler and Glynn, 2022). The robust model solves the surface energy balance 
equation for the latent heat flow to produce the Landsat C2 Provisional ETa 
products. This ETa computation uses a surface energy balance model built 
directly from the Operational Simple Surface Energy Balance (SSEBop) model 
(Senay, 2018; Senay et al., 2013, 2022, 2023). An SSEBop model is provided with 
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the Landsat C2 Level-2 Surface Temperature product and external auxiliary data 
to derive the daily total of ETa. 

The SSEBop model is a parametric energy balance-based model that 
considers real ET to be the product of two independently estimated quantities: (1) 
ET fraction (ETf) and (2) the maximum ET under water-unlimited environmental 
circumstances (ETr) (Senay et al., 2023): 

 
ETa = ETf ∙ ETr,  (2) 

 
where ETa is the actual ET (mm) and ETr is the alfalfa-reference 
(“maximum/potential”) ET (mm). 

Land cover classification uses Landsat 5 and Landsat 8 (Sayler and Zanter, 
2021) optical bands. Imagery from 3 different periods (initial 1986, threshold 
2005, and final 2022) is acquired using USGS Earth Explorer (U.S.G.S., 2015) 
application. Five different classes are distinguished: 1) water, 2) developed, 3) 
forest, 4) herbaceous, and 5) barren land. Class “water” includes areas of open 
water, such as lakes, rivers, and ponds. Class “developed” includes areas 
developed for human use, such as residential, commercial, and industrial areas, 
and includes transportation infrastructure, such as roads, airports, and railroads. 
Class “Forest” includes areas dominated by trees (natural or planted forests). 
Forests can include a variety of tree species. The “herbaceous” class refers to areas 
dominated by non-woody plants, such as grasslands, fields, lawns, or other open 
areas. These areas may be natural or managed landscapes like parks or lawns. The 
“barren land” class refers to landscape areas with little to no plant life. This class 
could include deserts, rocks, sand, or other areas, where the soil is too poor to 
support much plant life. These areas are often devoid of human activity due to 
their harsh conditions. SVM classifier is employed in semi-automatic supervised 
object-based classification procedures using ArcGIS Pro (Esri Inc., 2023) to 
perform satellite image classification and obtain a land cover map for a specific 
year. 

The SUHI effect is a significant environmental concern characterized by 
higher temperatures in urban areas than in rural ones. Human activities, 
urbanization, and modifying natural landscapes cause this phenomenon. The 
quantification of the SUHI effect is typically achieved by subtracting the rural 
temperature from the urban temperature (Zhou et al., 2014), and in recent years, 
there have been several advancements in the methodologies used to study and 
mitigate the SUHI effect (Almeida et al., 2022; Bande et al., 2022; Fardani and 
Yosliansyah, 2022). 
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3. Results 

Fig. 3 presents the analysis of average August air temperatures over 37 years, 
from 1986 to 2022. The trendline reveals a consistent rise in these air 
temperatures. The data exhibits yearly variability, with the highest average 
temperature recorded in 2012 (21.00 °C) and the lowest in 1995 (15.40 °C). Some 
years, such as 1992, 1994, 2000, 2003, 2012, 2015, 2017, and 2019, have air 
temperatures above the average, while others, like 1987, 1991, 1995, 1997, 2002, 
2005, and 2016, fall below the average.  
 

 

Fig.  3. Average August air temperatures (°C) in the period 1986–2022. 

 

 

Overall, the data suggest some variability in August air temperatures from 
year to year, but the average air temperature over the 37 years is 17.96 °C. 

Empirically, the air temperature data indicates that 2005 is a temperature 
threshold year suitable to present the studied area’s mean urbanization state 
related to the temperature increase. The temperature threshold year is chosen by 
dividing the thirty-seven-year observation period into three sub-periods to 
compare the lowest monthly average temperatures (Fig.  3). The data shows that 
2005 is the last year with an average monthly temperature below 16 °C. The given 
linear trend equation, y = 0.0607x + 17.004, indicates a positive linear relationship 
between the years (independent variable, x) and the average monthly air 
temperature in August (dependent variable, y) for the study area. The slope of the 
trend line (0.0607) suggests an annual increase in August air temperatures. 
Specifically, the average monthly air temperature for August tends to rise by 
approximately 0.0607 °C for each one-year increase. The equation suggests a 
long-term warming trend over the observed period, despite potential fluctuations 
from year to year. Thus, the evidence supports the assertion that there is an 
increasing trend in the August air temperatures for the observed period and study 
area. However, the coefficient of determination, R² = 0.1581, implies that 
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approximately 15.81% of the variance in the average monthly air temperature can 
be explained by the year in the context of this model. Therefore, a substantial 
portion of the variance (around 84.19%) is still unexplained by the linear model. 
This result suggests other factors influencing the average August air temperature 
beyond time (year). These factors could encompass various climatic or 
anthropogenic elements not accounted for in the simple linear model. R² of 0.1581 
signifies that the model has successfully captured a significant portion of the 
variation in the data. It implies that a definite structure underlies the data, as 
elucidated by the model, even though the model does not account for a substantial 
portion of the variability. 

The land cover classes information is provided in Table 1 for three different 
years, 1986, 2005, and 2022, in terms of their areas and percentages for a wider 
study area (Figure 1c). Table 1 shows that the class „developed” has increased its 
area significantly over time, with 9.48 km2 in 2022, 4.68 km2 in 2005, and 0.71 
km2 in 1986. Determined values compute the increasing trend between 1986 and 
2022 for the class „developed”. The calculated percentage increase is 1 233.8%. 

 
 
 
Table 1. Land cover results for 1986, 2005, and 2022 for Zlatibor study area 

Class name 
Area 2022 

 (km2) 
2022  
(%) 

Area 2005 
 (km2) 

2005  
(%) 

Area 1986  
(km2) 

1986  
(%) 

Water 0.05 0.08 0.01 0.02 0.02 0.03 
Developed 9.48 14.24 4.68 7.02 0.71 1.07 
Forest 11.94 17.93 9.97 14.98 15.15 22.75 
Herbaceous 10.38 15.59 38.73 58.17 21.78 32.71 
Barren 34.73 52.16 13.19 19.81 28.93 43.45 
Total 66.58 100.0 66.58 100.0 66.58 100.0 

 
 
 

The precise analysis of LST and ETa results includes only the area of 
Zlatibor’s widest urbanization (Fig 1c, white outline) according to the 2022 
classification (9.48 km2), which are shown in Table 2 and 3. 

The LST ranges from 15 °C to 40 °C. In 1986, the area covered at lower LST 
values, between 15 °C and 24 °C, is much smaller than in 2022, indicating a 
significant increase in urbanization or land use change. In 2022, most areas are 
covered by LST values between 27 °C and 35 °C. 

In 2022, the most extensive part of the Zlatibor urban area (4.495 km2) 
exhibits ETa values in the 2–3 mm range. The second most extensive area 
(2.646 km2) presents ETa values of 1–2 mm, while the smallest area (0.009 km2) 
shows ETa values greater than 4 mm. Conversely, in 1986, the most significant 
area (4.641 km2) shows ETa values in the 2–3 mm range, and the second-largest 
area (3.159 km2) presents ETa values in the 3–4 mm range. 
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Table 3 reveals that the area with ETa values in the 2–3 mm range is the 
largest in both 1986 and 2022, covering 4.641 km2 and 4.495 km2, respectively, 
indicating that this range of ETa values is the most frequent in the Zlatibor urban 
expansion area. 

Table 3 also highlights that the area with ETa values in the 1–2 mm range 
expands from 1.527 km2 in 1986 to 2.646 km2 in 2022, suggesting an increase in 
vegetation cover in the Zlatibor urban expansion area, leading to higher 
evapotranspiration rates in this range. 

 
 
 
 
Table 2. Land surface temperature coverage 1986–2022 for Zlatibor main urban area 

Temperature  
(°C) 

Area 2022 
(km2) 

Area 1986 
(km2) 

15 / 0.003 

16 / 0.075 

17 / 0.269 

18 / 0.518 

19 / 0.697 

20 / 1.031 

21 / 1.274 

22 / 1.766 

23 / 1.310 

24 / 0.893 

25 / 0.770 

26 0.002 0.343 

27 0.048 0.230 

28 0.243 0.241 

29 0.963 0.052 

30 1.331 0.009 

31 1.597 / 

32 1.457 / 

33 1.276 / 

34 0.926 / 

35 0.781 / 

36 0.522 / 

37 0.198 / 

38 0.105 / 

39 0.029 / 

40 0.004 / 

Total area 9.482 9.482 
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Table 3. Evapotranspiration coverage in the period 1986–2022 for Zlatibor urban expansion 
area 

 
 
 
 
 
 
 
 
 
 
 
 
 

Nevertheless, it is fundamental to mention that the area with ETa values in 
the 0–1 mm range also increased from 0.155 km2 in 1986 to 0.325 km2 in 2022. 
This trend may indicate that there has been an increase in impervious surfaces in 
the Zlatibor urban expansion area, such as paved roads and buildings, which has 
reduced the amount of vegetation and soil moisture, resulting in lower rates of 
evapotranspiration in this range. 

To determine the SUHI effect, the region surrounding the Zlatibor main 
urban area (MUA) is divided into five distinct zones (Fig. 4 and Table 4): 

Zone 1, which represents the main urban area of Zlatibor. 
Zone 2, which encompasses an area of 100 m around Zone 1. 
Zone 3 covers an area from 100 m to 300 m from Zone 1. 
Zone 4 includes the area from 300 m to 500 m from Zone 1. 
Zone 5 covers the area from 500 m to 1000 m from Zone 1. 
 

 

Fig. 4. Zlatibor’s main urban area and buffer zones. 

ETa range 
(mm) 

Area 2022 
(km2) 

Area 1986 
(km2) 

0–1 0.325 0.155 

1–2 2.646 1.527 

2–3 4.495 4.641 

3–4 2.007 3.159 

> 4 0.009 / 

Total area 9.482 9.482 
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Table 4. Comparative analysis of air temperature variations in different zones of Zlatibor 
MUA from 1986 to 2022 

Zone Id 
(2022) 

MIN 
(2022) 

MAX 
(2022) 

RANGE 
(2022) 

MEAN 
(2022) 

STD 
(2022) 

MEDIAN 
(2022) 

Area km2 
(2022) 

5 25.43 40.48 15.06 32.65 3.34 33.22 9.00 

4 25.47 37.58 12.11 31.53 3.24 32.07 3.68 

3 25.36 38.37 13.01 30.78 3.06 30.72 4.29 

2 25.46 37.79 12.34 30.29 2.30 29.99 3.35 

1 26.39 35.65 9.26 31.05 1.53 31.04 3.97 

Zone Id 
(1986) 

MIN 
(1986) 

MAX 
(1986) 

RANGE 
(1986) 

MEAN 
(1986) 

STD 
(1986) 

MEDIAN 
(1986) 

Area km2 
(1986) 

5 14.25 29.18 14.94 22.35 3.29 22.82 9.00 

4 13.78 29.18 15.40 20.81 3.22 21.06 3.68 

3 14.25 29.18 14.94 20.07 3.02 20.17 4.29 

2 14.25 26.25 12.00 19.76 2.39 19.73 3.35 

1 15.18 27.93 12.76 21.13 2.24 21.06 3.97 

 
 
 
 
 
In 2022, Zone 1, an urbanized area (Fig. 5), shows significantly higher LST 

values than the other zones. The mean temperature for Zone 1 is 31.05 °C, which 
is higher than the mean LST values of the other zones. This increase in LST is due 
to the SUHI effect, where urbanized areas tend to be warmer than their rural 
surroundings due to human activities and the physical characteristics of the built 
environment. 

The minimum and maximum LST values for Zone 1 in 2022 are 26.39 °C 
and 35.65 °C, respectively, with a range of 9.26 °C. This range is the smallest 
among all zones, indicating a less variable LST within the urbanized area. The 
standard deviation, a measure of temperature variability, is also the lowest in 
Zone 1, further supporting this observation. 

LST increases significantly in all zones, particularly in Zone 1, comparing 
the 2022 data with the 1986 data. The mean LST in Zone 1 increased from 
21.13 °C in 1986 to 31.05 °C in 2022, a rise of nearly ten °C. This increase is 
more significant than those observed in the other zones, suggesting that 
urbanization has substantially impacted the LST rise. It is evident from the data 
that Zone 1, the most urbanised area, exhibits the highest mean LST in 2022 at 
31.05 °C. This is a significant increase from the mean temperature of 21.13 °C 
recorded in 1986, underscoring the impact of urbanization on temperature rise.  
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Fig. 5. Transformation of main urban area in Zlatibor: a dual temporal perspective of 1986 and 
2022, highlighting urbanized and pre-urbanized land. 
 
 
 
 
 

In contrast, Zones 2 to 5, which are less urbanized, show lower mean LST 
values in 2022. Specifically, Zone 2 has a mean LST of 30.29 °C, Zone 3 has 
30.78 °C, Zone 4 has 31.53 °C, and Zone 5 has 32.65 °C. While high, the LST 
values for Zones 2 and 3 are still lower than the temperature in Zone 1, indicating 
that the level of urbanization directly correlates with the increase in temperature. 
The urbanization in Zone 1, characterized by increased building density and the 
transformation of natural landscapes into built environments, has led to a 
significant rise in the LST values. This change is a manifestation of the SUHI 
effect, where urbanized areas tend to be warmer than their rural surroundings due 
to human activities and the physical characteristics of the built environment. The 
built environment in Zone 1, with its concrete and asphalt structures, absorbs and 
retains heat more effectively than the natural landscape, increasing the ambient 
LST. This contrasts with Zones 2 to 5, where vegetation and rocks that absorb heat 
contribute to the high LST values, but not to the same extent as the urbanization 
in Zone 1. The data from the different zones in the Zlatibor settlement clearly 
illustrates the significant impact of urbanization on temperature rise. Despite the 
natural factors contributing to high LSTs in Zones 2 to 5, the effect of urbanization 
in Zone 1 is significantly more pronounced, leading to the highest mean LST 
among all zones. This underscores the need for sustainable urban planning 
strategies to mitigate the SUHI effect and promote thermal comfort in urban areas. 
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4. Discussion 

The analysis of average August air temperatures over 37 years shows a constant 
increase in temperature from 1986 to the present, with some variability from year 
to year. The most deviant year is 2012, with the highest deviation from the mean. 
The data suggests that 2005 is a temperature threshold year, indicating increased 
urbanization and built-up areas. The area covered by class „developed” has 
increased dramatically over time, indicating rapid urbanization and development.  

The tables also show an increase in temperature coverage in the higher 
temperature ranges, indicating the urban heat island effect and changes in the 
distribution of evapotranspiration ranges over time. Evapotranspiration values can 
provide valuable information about urban areas’ water balance and environmental 
conditions. Urban areas often have a higher surface temperature than surrounding 
rural areas due to the urban heat island effect. This effect can increase the 
evapotranspiration rate in urban areas, as the higher temperature can increase the 
evaporation rate from the ground and plant transpiration. However, urban areas 
may also have lower vegetation and soil moisture levels than rural areas, which 
can decrease evapotranspiration rates. Additionally, human activities such as 
paving and building can alter the hydrological cycle, leading to changes in 
evapotranspiration rates (Grimm et al., 2008). 

One of the essential features of this process is the appearance of elements of the 
artificial environment in the study area: buildings, irrigation systems, transport, and 
other technical means of communication, which exert an increasing influence on the 
natural environment and change it, as it was already indicated earlier (Vasilescu et 
al., 2022). Urbanized regions have a dynamic interaction between the natural and 
artificial environments (biosphere and human-made structures), forming a distinct 
anthropogenic state of nature. This state, often referred to as the interface between 
nature and the built environment, is shaped by human actions and is profoundly 
influenced by our social nature. Overall, the data suggest a significant impact of 
human development on the environment in the study area. 

The study has provided significant insights into the SUHI effect of the 
studied region. The results align with the findings of Polydoros et al. (2022), who 
also emphasized the role of landscape metrics in mitigating the SUHI effect. The 
current study’s findings further substantiate this claim by providing empirical 
evidence from the studied region, thereby contributing to the existing body of 
knowledge on the subject. 

However, the study diverges from the work of Kiran (2021), which focused on 
cool surfaces as a mitigation strategy for the SUHI effect in tropical climates. While 
Kiran’s study provides a valuable perspective, the current research underscores the 
importance of considering a broader range of factors, including landscape metrics 
and urban planning strategies, in addressing the SUHI effect. This divergence 
suggests that mitigation strategies may need to be tailored to specific regional and 
climatic contexts, underscoring the need for further research in this area. 
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The study also resonates with Zhou et al. (2014), who investigated the SUHI 
effect in China’s major cities and identified spatial patterns and drivers. The 
current study extends this inquiry by identifying similar patterns and drivers in 
the studied region and suggesting potential mitigation strategies. This 
comparative analysis underscores the global nature of the SUHI effect and the 
need for comprehensive, context-specific solutions. 

One of the key strengths of this study is the use of a comparative analysis of 
LST variations across different zones over a significant period from 1986 to 2022. 
This approach has allowed for a comprehensive understanding of the impact of 
urbanization on temperature rise, particularly in the context of the SUHI effect. 
The use of mean LST as a critical metric has provided a clear and quantifiable 
measure of the impact of urbanization on temperature. 

However, the study is not without its limitations. While useful, reliance on 
the LST data alone may not capture the full complexity of the SUHI effect, which 
can influence a range of factors including building materials, vegetation cover, 
and human activities. Furthermore, the study focuses solely on the Zlatibor main 
urban area and five surrounding zones, which may limit the generalizability of the 
findings to other regions or contexts. 

In terms of future work, it would be beneficial to incorporate additional 
variables into the analysis, such as the specific types of urbanization activities in 
each zone, the types of building materials used, and the extent of vegetation cover. 
This could provide a more nuanced understanding of the factors contributing to 
the SUHI effect. Additionally, conducting similar studies in other regions would 
enhance the generalizability of the findings and contribute to a broader 
understanding of the impact of urbanization on temperature. 

The implications of this study are significant. The findings underscore the 
urgent need for sustainable urban planning strategies to mitigate the SUHI effect 
and promote thermal comfort in urban areas. As urbanization continues to 
increase globally, understanding its impact on temperature and developing 
strategies to mitigate this effect will be crucial for ensuring the sustainability and 
liveability of our urban environments. 

5. Conclusions 

From an urban heat island (UHI) perspective, it is obvious how urbanization 
contributes to land use changes and increases building density, leading to higher 
surface air temperatures in urban areas than the in surrounding rural areas. This 
phenomenon, referred to as the UHI effect, can lead to eco-environmental 
problems that become more severe with accelerated urbanization.  

To better understand the UHI phenomenon, analysing air temperature at 
urban and rural weather stations and calculating LST and ETa data from satellite 
imagery is essential (Castaldo et al., 2015; Gedzelman et al., 2003; Jiang et al., 
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2019; Liu and Li, 2018; Nouri et al., 2018; Yang et al., 2018). Remote sensing 
data and algorithms have been utilized and adapted to examine the UHI scale and 
effect, and its spatiotemporal evolution features have been analyzed (Gallo et al., 
1993; Gong et al., 2008; Imhoff et al., 2010; Weng et al., 2004).  

Biosphere-to-biotechnosphere transformation is accelerating increasingly 
and is accompanied by a disturbance of the ecological balance and the biological 
basis of the biotechnosphere. Nature has the characteristic of evolution and 
progress. In contrast, urbanized areas are subject to obsolescence and must be 
constantly rebuilt. For overly urbanized areas to be sustainable, efforts should be 
made to maintain the environment’s complex geochemical and energetic 
processes (Grădinaru et al., 2020). The problem is that urban areas are 
characterised by low biological activity, and very pronounced, generally 
increasing energy consumption directed toward the immediate satisfaction of 
human needs. The degradation of the environment is accompanied by the 
consumption of resources and the emission of polluting substances and energies 
that damage other natural ecosystems. 

It can be concluded that the degree of anthropogenic pressure on nature, 
taking urbanized areas as an example, is proportional to the difference between 
the biological characteristics of the original biogeocoenoses and the urban ones 
that developed later. 

Furthermore, in addition to measuring the temperature of a given area, 
estimates of evapotranspiration derived through remote sensing and global 
weather datasets offer good information about the existence of UHI. This 
information is helpful for various applications, including calculating a basin’s 
water budget, evaluating water consumption and crop yield, and monitoring 
drought conditions. 

Understanding the UHI phenomenon is essential, as it can lead to significant 
eco-environmental problems in urban areas. It also emphasises the significance of 
using remote sensing data and GIS algorithms to study UHI effects, especially in 
regions with insufficient weather stations. 

This study underscores the significance of the SUHI effect, particularly in 
urban environments, where it is a critical factor in urban climate change. The 
SUHI effect, characterized by higher temperatures in urban areas than in 
surrounding rural ones, is influenced by numerous factors, including urban 
morphology, land use, and anthropogenic heat. The research also emphasizes the 
crucial role of green spaces, such as parks and gardens, in mitigating the SUHI 
effect due to their cooling impact on urban environments. Therefore, the study 
highlights the importance of comprehensively understanding the SUHI effect and 
its determinants in developing effective urban climate change mitigation and 
adaptation strategies. It further underscores the necessity of incorporating green 
spaces into urban planning and development strategies. The article provides an 
effective tool for studying the UHI effect, especially in regions with insufficient 
weather stations. The results provide valuable information on the distribution of 
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LST in the Zlatibor urban area, which can help study the UHI phenomenon and 
identify potential areas for implementing UHI mitigation strategies in the area 
with a significant human development impact on the environment. Finally, 
research data provide strong evidence of the SUHI effect in Zone 1, with 
urbanization leading to higher and less variable temperatures than in the 
surrounding areas. The comparison between 1986 and 2022 clearly shows the 
significant impact of urbanization on temperature rise over time. 
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